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ABSTRACT
Microbes in the oral cavity utilize exogenous nutrients taken in from their hosts to
sustain themselves. As such, a more diverse diet will likely lead to a more diverse
bacterial composition content. Oral swabs from bats of the species Dermanura tolteca
and Myotis keaysi were taken in order to assess the diversity of the oral cavity between
captive and wild individuals and between frugivorous and insectivorous species by
culturing and comparing bacterial morpho species. The captive bats were found to have
lower diversity of bacteria present than those in the wild and the frugivores were found to
have a higher diversity of bacteria compared to the wild insectivores. In addition, captive
bats carried a higher richness of pathogenic Staphylococcus bacteria compared to wild
bats of the same species. It is likely that diet is a main contributing factor in this variance
of bacterial diversity.

¿Cómo la afecta la dieta a la microbiota oral en murciélagos?
RESUMEN
Los microbios de la cavidad bucal utilizan nutrientes exógenos provenientes de
los alimentos ingeridos por el animal. Una alimentación más diversa conduce a una
mayor diversidad de bacterias. Recolecté hisopados orales de murciélagos de dos
especies, Dermanura tolteca (cinco individuos en cautiverio y seis individuos silvestres)
y Myotis keaysi (dos individuos silvestres) con el fin de cultivar las bacterias de la
cavidad bucal y evaluar su diversidad y composición. Los murciélagos en cautiverio
presentaron menor cantidad de morfo especies de bacterias que los silvestres, y los
murciélagos frugívoros silvestres presentaron mayor cantidad de morfo especies de
bacterias que los murciélagos insectívoros. Adicionalmente, los murciélagos en
cautiverio mostraron mayor cantidad de bacterias patógenas Staphylococcus que los
murciélagos silvestres. Probablemente la dieta sea el principal factor en la variación en
diversidad bacteriana la cavidad bucal.
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Microscopic organisms inhabit almost every surface around us. Every individual
is a microbiome for a variety of bacteria that live on and within it. Understanding what is
normally present in a microbiome is key to better understanding the health of the
individual on which the microbes reside. Bacteria from different vertebrate hosts are
typically unique (Dewhirst et al, 2012). For microbes that reside within the oral cavity,
exogenous nutrients play a key role in determining which bacteria may be present in that
given area (Marsh & Martin, 2009). Oral microbiota make their energy by breaking down
nutrients from food eaten by their hosts. As such, the food intake of bacterial hosts affects
the bacterial content greatly (Tang et al, 2009).
Upholding the proper nutrition is a common issue in the care of captive animals.
The potential lack of dietary supplements can have adverse affects on the microbiome of
the captive host. It was found that the habitat of monkeys have effects on their gut
microbiomes, with the most variation seen between monkeys occupying a fully grown
forest and those who were kept in captivity. Captive monkeys consumed a less diverse
diet and correspondingly had less diverse gut microbiomes (Amato et al, 2013).
In this study, I will compare the bacterial composition content of the oral cavity of
wild and captive Dermanura tolteca bats as well as compare wild D. tolteca with wild
Myotis keaysi bats in order to determine whether differences in a diet will cause variation
in the oral microbiome. D. tolteca is a frugivorous bat prevalent in the Monteverde area
which eats a wide variety of fruit from the Piperaceae, Solanaceae, Moraceae, and
Cecropiaceae families (Lobova, 2009). Wild frugivores will also chew on leaves and
consume some small insects in order to increase their protein uptake. Captive bats from
Monteverde’s Bat Jungle are fed a diet of mostly store-bought fruits, and are sometimes
supplemented by native species, vitamins, and leafy greens in order to try to simulate the
diversity of the wild bat’s diet. M. keaysi is an insectivorous bat found in the Monteverde
area. Insectivores tend to have less variation in the nutrient uptakes in their diet.
This study aims to identify how the diversity in bacterial composition content by
morpho species differs by nutritional differences between the diets of frugivores and
insectivores as well as between wild and captive frugivores. As the diet is less diverse in
the insectivores and in captive bats, I would expect the highest bacterial diversity to
reside in wild D. tolteca bats.

MATERIALS AND METHODS
Sample Collection
Bacteria was collected from the oral cavity of each bat and tested in order to
qualify the morpho species of the most prevalent bacteria between individuals and
species. Samples from five captive D. tolteca bats were collected from the Bat Jungle at
9:00 AM on 13 May 2016 and 17 May 2016. Samples from six wild D. tolteca bats and
samples from two wild Myotis keaysi bats were collected in the Monteverde Institute’s
Crandell Memorial Forest from 5:30 PM to 8:30 PM between 12 May 2016 and 21 May
2016. All lab work was done in the Monteverde Institute Lab. The Bat Jungle is an
exhibit containing frugivorous and nectarivorous bats, most of which were caught in the
Monteverde area. The D. tolteca bats residing in the Bat Jungle were all caught from the
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wild in and around the Crandell Memorial Forest. The Crandell Memorial Forest, a lower
montane wet forest, is mostly 40-year old secondary forest with some original trees from
the primary forest.
Wild bats were caught using two mist nets set overlapping the trails in the forest
and handled with gloves. Captive bats were acquired with the assistance of Bat Jungle
staff using a butterfly net. After identification of the bat, a sterile cotton tipped applicator
(Medline) was used to obtain bacteria from the mouth of each bat using a circular motion
and the swab was placed in a clean Ziploc bag. A sterile control swab was also made to
test that bacteria was not coming from the Ziploc bags.
Bacterial Culturing
Bacteria collected from the swabs was streaked onto a Tryptone Soy Agar
(OXOID CM0131) plate for each bat no more than two hours after being collected.
Tryptone Soy Agar contains the nutrients needed to grow a broad range of microbial
species thus showing a general range of the bacteria that may be present in the oral cavity
of each bat. Each plate was placed in the incubator upside down for 20 hours at 37 C. A
photograph of each plate was taken, and each colony’s morphological characteristics
were recorded by color, shape, size, and depth. An inoculation loop was used to take
prevalent colonies and streak them out to single colonies on new Tryptone Soy Agar
plates in order to separate species of bacteria and ensure that each colony was different.
(Sanders, 2012)
All agar plates were made with OXOID dehydrated culture media and portioned
out according to their labeling. Agar media was mixed with water and steamed in a
pressure cooker for sterilization. The agar was then poured into clean, empty petri dishes.
At the end of the experiment, all used plates were soaked in a 10% bleach solution and
thrown away.
Differential Tests
Colonies from single colony isolation plates were used for a range of qualitative
testing. A Gram stain was done for each different colony and the Gram slides were used
to visualize cell morphology under a compound microscope. Most bacteria fall under the
category of Gram negative or Gram positive depending on the structure of their
peptidoglycan cell wall. Those with a double layer cell wall are Gram negative and those
with a thick single layer of peptidoglycan in their cell wall are Gram positive. The Gram
stain is used to differentiate between Gram positive and Gram negative bacteria. A thin
layer of bacteria was heat fixed onto a microscope slide using a sterile inoculation loop
and an alcohol burner. The slide was then washed with Crystal Violet for one minute,
Iodine for one minute, ten drops of 95% Ethanol, and finally Safranin for 45 seconds.
Between each wash, the slides were rinsed with water. Each slide was then observed
under the compound microscope (Olympus CX22LED). Bacteria that is Gram positive
will be a purplish black color while bacteria that is Gram negative will be stained pink.
(Bruckner, 2012) Morphological characteristics were also observed and recorded under
the compound microscope and labeled as either a coccus (sphere) or bacillus (rod-like)
shape.
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In addition to the Gram stain, colonies were plated onto petri dishes containing
MacConkey’s Agar No. 3 (OXOID CM0115) and petri dishes containing Mannitol Salt
Agar (OXOID CM0085), both differential and selective media (Figure 1). MacConkey’s
Agar selects for the growth of Gram negative bacteria (used to verify Gram stain results)
and differentiates between bacteria that can ferment lactose by turning lactose fermenting
bacteria pink. Bacteria that does not ferment lactose will grow as a beige color. Mannitol
Salt Agar selects for the growth of bacteria in the Staphylococcus genus, and
differentiates between potentially pathogenic and non-pathogenic Staphylococcus
species, with pathogenic colonies turning the agar yellow and non-pathogenic species
maintaining the agar at a reddish color.

Figure 1. Examples of Agar Results
(A) MacConkey Negative. Little to no growth. (B) MacConkey Positive, Lactose Fermenting.
Pink growth. (C) MacConkey Positive, Non-Lactose Fermenting, Beige-yellow growth. (D)
Mannitol Salt Negative, Little to no growth. (E) Mannitol Salt Positive, Pathogenic, Yellow
growth, agar changes color to yellow as well. (F) Mannitol Salt Positive, Non-Pathogenic.
Beige-pink growth, no color change in agar.

Data Analysis
The diversity of morpho species of the oral microbiota of wild D. tolteca, wild M.
keaysi, and captive D. tolteca bats was compared using a Chi Square Goodness of Fit
Test. The correlation between pathogenicity and captivity in wild and captive D. tolteca
bats was tested using a Chi Square Independence Test.
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RESULTS
20 different morpho species (Morph A – Morph T, Figure 3) were found among
the bats sampled. 15 bacterial isolates were found among the captive bats with seven
different species. 15 bacterial isolates were found among the wild D. tolteca bats with 13
different morpho species. In M. keaysi bats, five bacterial isolates were found, each of
which was a different morpho species. (Figure 2 and 3) There was little overlap between
the bacterial morphs found in each group of bats (Figure 2).
Many of the morpho species found in the oral cavity of captive bats were in the
group of pathogenic Staphylococcus bacteria (Figure 4). 10 of the 15 bacterial isolates
found in captive bats were in this pathogenic group, while four of the 15 bacterial isolates
in wild D. tolteca bats were in this group and one of the five bacterial isolates belonged to
this group within bacteria found on wild M. keaysi bats.
The difference between diversity of captive and wild D. tolteca bats was
marginally significant (X2 = 2.91, df = 1, p = 0.08), and there was a significant difference
between diversity of both groups of D. tolteca bats and M. keaysi bats (X2 = 6.24, df = 2,
p = 0.04). The correlation of high pathogenicity in captive bats compared to wild bats
was significantly not random (X2 = 4.8, df = 1, p = 0.028).

Figure 2. Number of Morpho Species in Each Group of Bats. There was a low level of
overlap in morpho species between each group, with the highest diversity of morpho
species residing on wild D. tolteca bats and the lowest diversity residing on wild M.
keaysi bats.
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Figure 3. How Many Bacterial Morphs were in Each Bat. The differing colors represent
each bacterial morpho species. There was a lower diversity of bacterial morpho species
and many shared the same species in the captive D. tolteca bats, however, the abundance
is the same between captive and wild D. tolteca bats.
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Figure 4. Number of Bacterial Types Isolated in Captive and Wild Bats Based on
Pathogenicity. Captive bats hosted a significantly larger number of potentially pathogenic
Staphylococcus bacteria compared to wild bats.

DISCUSSION
The resulting differences in the microbiota between the three groups of bats are
likely due to differences in nutrient uptakes, but since this was an observational study, it
is difficult to attribute diet as the only factor. Other factors that may have played a role in
the differences between D. tolteca and M. keaysi are the differences in genetics between
species. Differences in genetics and immunological responses can limit what bacteria
may be able to grow on and in the body (Hooper et al, 2012).
It has been seen that microbiome variation in captive animals is highly related to
differing diets (Amato, 2013). It is possible that the nutritional limitations of the captive
bats are affecting how susceptible the bats are to carrying a high level of pathogenic
Staphylococcus bacteria. When the balance between the natural microbiome and the host
is lost, diseases often manifest (Zaura et al, 2009) Hosts with low microbiome diversity
also exhibit increased stress responses and reduced immune function (Hooper et al.
2012). This is demonstrated by the high number of bacterial types shared within the
captive bats, particularly those in the pathogenic Staphylococcus group of bacteria.
Other than differences in diet, the captive bats have a lower exposure to different
microbes from the outside environment and high exposure to each other. The small space
available and little contact with the outside world often facilitates the easy spread of
disease and bacteria. As D. tolteca bats display acts of social grooming, it is possible that
oral bacteria may have been transferred in this way. The presence of Staphylococcus spp.
bacteria on captive bats does not necessarily mean that they are sick, as many of these
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Staphylococcus bacteria have been found to live in dormancy on healthy individuals.
(Iowa State University, 2011) For future studies, it would be interesting to observe
whether these Staphylococcus spp. are affecting the bats in which they reside.
It is likely that hundreds of differing microbes reside within the oral cavity, but
many are not yet culturable with current techniques. Thus far, only culturable bacteria
have been studied in depth among mammals other than humans. (Dewhirst et al, 2012)
For future studies, it would be interesting to do experimental changes in diet within a
species. The affect of diet and microbiome should be more directly studied in a captive
environment where more controls are available and nonculturing techniques such as
Illumina or pyrosequencing should be implemented in order to get a more complete idea
of the kinds of bacteria present in the oral cavity of bats.
In order to maintain the survival of the bat or of any species of interest, it is
important to understand the microbiome and what constitutes a healthy core microbiome
of the host species. In addition, we should be striving to give captive animals the highest
quality of life. By understanding how diet may affect the microbiota, we can aim to
improve our methodology of conservation efforts and veterinary measures in both wild
and captive animals.
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